With the ongoing development of economy and urbanization in China, the change of land use types has attracted more and more attention. In this study we focused on the urban development of Shenzhen City, Guangdong Province, analyzing Landsat 5 TM and Landsat 8 OLI data. We used an SVM based classification, a land transfer matrix approach, a directional growth analysis method and we calculated the inversion of land surface temperature to derive information of land cover changes that occurred in the time period between 1987 and 2017. The results are combined with Shenzhen's economy, transportation policy and other aspects to find the driving forces of the urban development. The results show that during the observed 30 years, the area of construction land has increased significantly. Most of it is converted from other lands, and some of them are reclaimed. Most rapidly developing are areas west and northwest of the Bao'an, Nanshan and Longhua. The vegetated areas decreased slightly. Caused by the continuous increase of the construction land, the so-called heat island effect emerges slightly but continuously.
Introduction
Since the reform and opening up, China's urbanization is developing rapidly.
Land use research has become a hot issue discussed by scholars at home and abroad. In order to further know the development law of urbanization in China and solve some problems brought about by the rapid development of urbanization, remote sensing technology is used to study Shenzhen from different directions, such as urban expansion, driving force and influence.
Survey of Research Area
The city of Shenzhen is adjacent to Hong Kong and located in the south of the Guangdong Province. Its coordinates are as follows: east longitude 113˚46' -114˚37'; north latitude 22˚27' -22˚52'. Shenzhen is characterized by a subtropical monsoon climate with pleasant wind and rich precipitation. The city has 6 administrative districts and 3 new districts (Figure 1) , with a total area of 1997.27 square kilometers. By the end of 2017, the resident population of Shenzhen summed up to 12,528,300.
Shenzhen is the first special economic zone set up in China. It has developed from a small fisherman's village to a big city of international flavor in just 30 years. Its per capita GDP (Gross Domestic Product) ranks first in China, creating a miracle of urbanization, industrialization and modernization in the world.
Materials and Methods

Data Sources
The data sources used in this paper are archived multi-temporal Landsat data that are widely used in the field of remote sensing of Earth resources and environment [1] . The Landsat 5 TM data where recorded before 2012 and the Landsat 8 OLI data taken after 2013. Images were selected corresponding to the autumn time and a minimum of cloud cover.
Data Preprocessing
In a first step, ENVI commercial software is used to pre-process the original imagery, such as subset generation, radiometric calibration, atmospheric correction using flash, image registration and seamless mosaicing. According to the band characteristics of TM and OLI images, altogether 345 and 764 bands are combined to fully enhance the spectral content of all images.
The study area is divided into four categories, namely construction land, vegetated areas, waterbodies, and other lands and consecutively classified by a [2] . The accuracy of the method was evaluated by using a confusion matrix. The overall accuracy was 96.3850%, and the Kappa coefficient resulted to 0.8919. The land use in the study area was monitored dynamically and the land change characteristics [3] were obtained. Figure   3 we learn that the category construction land tends to increase in the future and will expand in all directions.
Results and
According to the results given by the land transfer matrix in Table 1 (+ is in 
Direction of Change
The classification grid map was transformed into a vector map based on ENVI and used as input to ArcGIS software. ArcGIS was used to draw an eight-direction circle and to fuse it with each land type to see their respective expansion in the distinct directions. 
Analysis of Land Surface Temperature in Shenzhen in September 2016
An important information source for the urban surface temperature is the thermal band 10 of the Landsat 8 OLI sensor. The necessary atmospheric correction method has been adopted. The total amount of thermal radiation observed by the satellite sensor subtracts the estimated atmospheric influence on the surface thermal radiation. The resulting surface thermal radiation intensity is then converted into the corresponding surface temperature ( Figure 5 ).
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B T λ is the total amount of thermal radiation observed by the satellite sensor. It consists of three parts (Equation (1)). The upward radiance of the atmosphere ( B ↑ ), the energy of the downward radiation of the atmosphere reflected by the Earth and the energy of the Earth's true radiance reaching the satellite sensor ( ) ( ) ( )
Equation (2) shows the calculation of the blackbody radiance (temperature T) based on the thermal infrared band: 
The surface temperature (T S ) is given by Equation (3):
where B ↓ = atmospheric downward radiance, e = surface emissivity, τ = atmospheric transmittance in the thermal infrared band. As shown in Figure 6 , the temperatures of the urban built-up areas are much higher than that of the marginal area and water bodies. The mean temperature of the study area accounts for the majority, indicating the existence of a heat island effect in Shenzhen. The temperatures in the central, western, northwestern and the meteorological data analysis are basically comparable [4] . Most of the low temperature zones are related to the water areas. Shenzhen has not exceeded 37 degrees, accounting for the majority of the 24 to 32 degrees, indicating that the intensity of urban heat island is not intense. This may be related to Shenzhen's geographical location and its development mode. It is surrounded by the sea on three sides. Thus, the water specific, higher heat capacity plays a significant role in regulating the heat island effect [5] , the biological production process, and the spatial agglomeration. The degree, scale and types of urban green space are the major compartments that affect the distribution of land surface temperature ( [6] [7]). In addition, the spatial distribution of Shenzhen has the character of a multi-center cluster development. The difference between the city and the suburbs is relatively small, and so the urban heat island effect is weak.
Analysis of the Driving Force of Land Use Change
Economic Factors
Economic growth is closely related to urbanization and the GDP growth is the most fundamental factor in the expansion of urban land use [8] . Since the reform and opening up, Shenzhen's economy has been developing rapidly. 
Policy Factors
Land use change is also affected by policies, that influences the land use structure in different way [9] . Shenzhen is a special economic zone, with many economic policies such as the "three to one subsidy, Shenzhen's 13 th Five-Year Plan
Outline" that has a great impact on the development of construction land.
Summary of Results
In this study, the different accomplished methods of analysis based on achieved multi-temporal Landsat satellite data revealed a number of significant results concerning the urbanization and land transfer processes in Shenzhen City and its vicinity. 1) Between the years 1978 and 2017, the types of land use changed significantly. The results show an increase of the construction land, and a decrease of all other classified categories with vegetated areas and other lands more significantly than the water bodies. All types of land use categories are mutual converted.
2) The construction land has expanded into all directions, mainly to the west and northwest. Taking Shenzhen's heart of the City as the center, the eight-directional change map shows the construction land is more concentrated in the Baoan, the Nanshan, the Futian and the Luohu Districts.
3) Land use change is not only triggered by economic development, policies and infrastructure but also influenced by scientific and technological development, and other factors [10] .
